Abstract. Genetic diversity analysis is very important for germplasm conservation and utilization. In this study, 13 quantitative traits of 50 Amomum tsao-ko plants were assessed by basic statistical parameters and principal component analysis (PCA). The results indicated that the phenotypic diversity was abundant in Amomum tsao-ko. Coefficients of variation (CV) ranged from 7.60% to 43.86%, and the largest of variation coefficient was the fruiting rate, while fresh fruit width was low. Shannon-Weaver diversity index (H') of 13 traits ranged from 1.71 to 2.22, the largest and the smallest H' values were observed in seed regiment weight and fresh fruit weight, respectively. The principal component analysis (PCA) explained 78.381% of the total variation in four components. The first principal component was determined by dry fruit weight, fresh fruit width, dry fruit peel weight and seed regiment weight. The second was determined by fresh fruit length, dry fruit length and ratio of dry fruit length and width. The third mainly represented number of seeds per fruit, and the fourth reflected fresh fruit weight. Increasing the first principal component factor will be favorable for increasing the fruit weight, while the second principal component of the change will affect the shape of fruit.
Introduction
Amomum tsao-ko is a kind of perennial evergreen fasciculate herbaceous plant under Amomum of Zingiberaceae and the whole plant has spicy smell. Mainly distributed in Yunnan, Guangxi, Guizhou, Vietnam and other regions, it is a type of economic crop growing in humid forests in tropical and subtropical areas. The fruit of Amomum tsao-ko is a commonly used traditional Chinese medicine with the effects of eliminating dampness and phlegm as well as warming spleen and dispelling cold, which can also be used as a condiment in cooking [1] . The Amomum tsao-ko is listed as 'Near Threatened' because its edible fruits have been over-harvested for trading [2] . The study of genetic diversity is very important for the conservation and utilization of the Amomum tsao-ko resources, but few detailed studies having been reported on the genetic diversity of the Amomum tsao-ko germplasm. Phenotypic diversity is one of the main methods of genetic diversity research. Identification using morphological traits is quick, intuitive and easily distinguishable. It is much acceptable to do preliminarily identify for an unknown cultivar [3] . Yunnan province, the main producing areas of Amomum tsao-ko yield accounted for 90% of China, Lvchun County is one of the major producing areas of Yunnan Province. By the end of 2015, Lvchun County cultivation area reached 11,500 hectares. The present study was initiated to assess the phenotypic diversity in 50 Amomum tsao-ko germplasm in Lvchun County of Yunnan Province according thirteen phenotypic characteristics. This will provide a theoretical basis for the conservation and utilization of Amomum tsao-ko resources.
Materials and Methods

Plant material and measurements
50 Amomum tsao-ko plants were used in this study, which collected from Lvchun County of Yunnan Province (22°89′ N and 102°41′ E, 1880 m.a.s.l.) in 2015. For each plant, a sample of three ears was randomly selected to perform morphometric analysis. The study was based on 13 traits, number of flowers per ear, fruiting rate, fresh fruit weight, fresh fruit length, fresh fruit width, ratio of fresh fruit length and width, dry fruit length, dry fruit width, ratio of dry fruit length and width, dry fruit weight, dry fruit peel weight, seed regiment weight, number of seeds per fruit. Parameters related to the fruit were measured at harvest stage and after harvest. Measurements were performed in triplicate. All measurements were performed using digital vernier caliper, precision weighing balance and observation calculation.
Data analysis
Basic statistical parameters and principal component analysis (PCA) were determined for all characters evaluated, using the SPSS19.0 software (IBM, Armonk, NY, USA). The Shannon-Weaver diversity index (H′) used to characterize the phenotypic frequencies of the characters was defined as: H′=-∑PilnPi, where Pi is the proportion of the individual in the ith class of an n-class character [4] .
Results
Variation and diversity of phenotypic traits
Significant differences were detected among all quantitative parameters for 50 Amomum tsao-ko individual (Table 1) . Among thirteen quantitative variables, coefficients of variation (CV) for fruiting rate, fresh fruit weight, dry fruit weight, and dry fruit peel weight and were more than 20%. The greatest variance was obtained in fruiting rate and the CV value was 43.86%. The minimum coefficient of variation was recorded in fresh fruit width and was 7.60%. Shannon-Weaver diversity index (H′) of 13 traits ranged from 1.71 to 2.22, which was higher in five quantitative traits including seed regiment weight (2.22), dry fruit weight (2.21), dry fruit width (2.15), dry fruit length (2.12) , ratio of dry fruit length and width (2.11). These characteristics showed significant phenotypic diversity in Amomum tsao-ko individual. 
Principal component analysis
Principal components analysis (PCA) effectively explained the variation among different quantitative traits. The first four principal components of data accounted for 78.381% of the total variance among plants with Eigenvalues>1 ( Table 2 ). The first principal component (PC1) explained 34.272% of the total variance, which was contributed by dry fruit weight, fresh fruit width, dry fruit peel weight and seed regiment weight, these traits are related to yield. PC2 explained 26.293% of the total variation, with the main contributions from fresh fruit length, dry fruit length and ratio of dry fruit length and width, these are related to the shape of the fruit. PC3 and PC4 contributed 10.087% and 7.783% of total altitude variance, respectively. The number of seeds per fruit was larger contributors to PC3, while the fresh fruit weight were major contributors to variance of the fourth PC. 
Discussion
Amomum tsao-ko has a long history of cultivation in China, especially in southeastern Yunnan Province [5] , it is traditional medicinal and condiment. At present, the research on the Amomum tsao-ko is mainly concentrated on chemical composition analysis [6] [7] [8] . In present study, Amomum tsao-ko individual showed significant phenotypic diversity in Lvchun County of Yunnan Province (Table 1) . Rich phenotypic diversity may be attributed to (1) the species occurs wild in sparse forest from 1,000 to 1,800 m and is also cultivated in its native range, the habitat is in a wild and semi-wild environment, complex natural environments lead to diversity of phenotypic variation, and/or (2) Amomum tsao-ko is a cross-pollinated crop, natural cross-fertilization as a result of growing mixed genotypes. According to the principal component analysis (PCA) of 50 Amomum tsao-ko germplasm resources, the first four principal components reflected most of the information of 13 traits, and the cumulative contribution rate was 78.381%, each principal component contains trait information has certain relevance. Eigenvalues had significantly different for 13 traits in four principal components, indicating that the PCA results were related to germplasm resources and the choice of traits. The 7 major traits such as fresh fruit length, fresh fruit width, fresh fruit weight, dry fruit length, dry fruit width, dry fruit weight and dry fruit peel weight were the main basis for the actual morphological classification. Our study will provide a theoretical basis for the protection and utilization of Yunnan Amomum tsao-ko resources.
